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PURPOSE 


The  factors  influencing  breakdown  in  high  voltage  vacuum  devices 
will  be  studied.  The  information  obtained  will  provide  the  basis  for  improve¬ 
ment  in  the  design  of  microwave  and  modulator  tubes  that  must  operate  at  volt¬ 
ages  greater  than  100  kilovolts  without  breakdown. 
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ABSTRACT 


The  results  of  nine  further  treatments  are  reported  from  a  32-block, 
5-factor,  full-factorial  experiment  now  underway  to  investigate  the  main  effects 
and  interactions  of  the  following  factors:  anode  and  cathode  material  (copper 
and  aluminum),  electrode  treatment  (hydrogen  or  vacuum  fired),  anode  size  and 
shape  (Bruce  or  sphere).  By  a  process  of  stacking,  the  effect  of  a  transverse 
magnetic  field,  exposure  and  energy  storage  will  also  be  investigated. 
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LECTURES,  CONFERENCES  AND  PUBLICATIONS 


Lectures  and  Conferences 

27  February  1968 

M.  Chrepta  visited  IPC  to  see  tests  in  progress  and  discuss  the 
proposed  crowbar  system  to  be  used  in  conjunction  with  the  energy  storage 
(7  kj). 

1 7  April  1 968 

M.  J.  Mulcahy  visited  Fort  Monmouth  to  discuss  progress  under 
the  contract  and  analysis  of  the  results. 

7  May  1968 

Visit  to  Raytheon  Company,  Waltham,  Massachusetts,  by  W.  R. 
Bell,  A.  Watson  and  C.  Boudreau.  This  is  the  first  of  a  series  of  proposed 
visits  to  manufacturers  of  high  power  tubes  and  its  objectives  were: 

(1)  to  acquaint  the  manufacturers  of  progress  under  the 
contract; 

(2)  to  get  feedback  from  them  on  their  current  procedures 
and  techniques  in  tube  manufacture  (viz,  firing  temp¬ 
erature,  electrode  material,  treatment  and  fabrication, 
etc); 

(3)  to  get  feedback  from  them  on  problems,  areas  or  lines 
of  investigation  which  might  be  incorporated  into  the 
present  program  or  the  next  phase  of  it. 

Discussions  took  place  along  these  lines. 
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SECTION  1 
INTRODUCTION 


The  work  reported  herein  describes  the  fourteenth  three  months  of 
a  study  of  high  voltage  breakdown  in  vacuum  with  particular  application  to  prob¬ 
lems  encountered  in  the  development  of  high  power  vacuum  tubes. 

The  objective  of  this  period  was  to  continue  tests  of  a  32-block  ex¬ 
periment  (5-factor,  full  factorial)  involving  aluminum  and  copper  electrodes. 

By  a  technique  of  stacking,  flexible  factors  (magnetic  field,  exposure  and  ener¬ 
gy  storage)  are  also  investigated. 

The  results  of  nine  further  successful  treatments  are  reported  here 
in  addition  to  the  first  four  treatments  which  were  given  in  the  previous  Quar¬ 
terly  Report. 

A  theory  of  vacuum  breakdown,  based  on  gas  evolution  at  the  anode 
is  almost  complete  and  will  be  included  as  a  separate  report,  an  addendum  to 
the  present  Quarterly  Progress  Report. 
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SECTION  2 

300  KV  TEST  VEHICLE 


2.  1  Vacuum  Chamber  and  System 

Examination  of  the  records  to  date  has  shown  that  the  main  chamber 
has  had  86  full  bakes  and  nine  trial  bakes.  Gold  O-ring  surfaces  have  been  ma¬ 
chined  twice  and  the  chamber  inside  wall  electro-polished  once  and  acid  cleaned 
once.  During  the  month  of  May,  the  lower  flange  was  welded  to  the  spherical 
chamber.  This  has  removed  a  troublesome  gold  seal. 


2.  2  Feedthrough  Bushing 

The  original  bushing  has  been  used  for  all  but  three  treatments. 

The  new  bushing  was  sand  blasted,  cleaned  and  baked  for  72  hours  in  a  separ¬ 
ate  vacuum  chamber.  It  still  did  not  condition  as  quickly  as  the  original  and  on 
the  third  test  it  was  limited  at  220  kV.  Glow  cleaning  in  hydrogen  for  30  min¬ 
utes  gave  some  improvement  and  this  approach  is  being  pursued.  Meanwhile, 
the  original  bushing  was  reinstalled  in  the  chamber  and  is  operating  satisfac¬ 
torily. 


2.  3  High  Voltage  Power  Supply 

•  .  • 

Sparking  developed  in  the  pressure  vessel  below  the  vacuum  cham¬ 
ber,  but  this  was  solved  by  adding  a  stress  relieving  shield. 


2.  4  Baking  System 

The  new  mantle  has  successfully  completed  29  bakes  to  date  without 
serious  problems.  After  cathode  heater  failure  on  treatment  13,  a  redesigned 
cathode  mount  was  installed  (Figure  1).  This  incorporates  the  IPC-Hotwatt 
heater  and  eliminates  the  remaining  feedthrough  heater  wires  and  heater  welds 
from  the  vacuum  envelope. 


2.  5  Energy  Storage  System 

Minor  modifications  to  the  grounding  system  of  the  energy  storage 
are  being  introduced.  The  high  pressure  crowbar  switch  is  being  checked  out 
to  determine  the  overall  time  lag  from  initiation  to  full  closure.  This  delay  will 
be  1  Usee  or  less. 
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2.  6  Dielectric  Envelope 

This  is  being  manufactured  (see  Figure  1,  Thirteenth  Quarterly 
Report),  and  will  be  installed  for  trial  tests  at  the  end  of  an  experiment. 

This  has  been  sent  out  for  metalizing  the  ends,  and  the  support 
structure  and  end  planes  are  currently  being  manufactured.  The  complete  unit 
(Figure  2)  is  scheduled  for  installation  and  test  in  the  chamber  prior  to  the  start 
of  the  second  16  treatments  of  the  32-block  experiment.  Subsequently,  it  will 
be  installed  at  the  end  of  the  third  day  of  each  treatment  after  completion  of  the 
energy  storage  section. 
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SECTION  3 

RESULTS  OF  TREATMENTS  5  THROUGH  13 


3.  1  Experimental  Results 

The  results  for  the  first  four  treatments  (abe,  abde,  abcde  and  e) 
were  given  in  the  previous  Quarterly  Report.  The  results  of  treatments  abce, 
de,  ace,  be,  ce,  ade,  ae,  ade,  acde,  are  reported  here  in  Tables  1,  2  and  3 
and  are  plotted  in  Figures  3  through  2  9.  Insufficient  data  is  available  as  yet 
to  carry  out  a  meaningful  statistical  analysis.  Likewise,  although  the  results 
show  interesting  trends,  physical  analysis  and  discussion  of  these  also  seems 
premature  at  this  stage  and  will,  therefore,  be  held  over  until  completion  of 
the  16-treatment  block.  Three  treatments  will  be  replicated. 


3.  2  Theory  of  Vacuum  Breakdown 

A  report  is  being  prepared  to  include  theoretical  ideas  developed 
during  the  program  to  date.  The  theory  appears  to  be  successful  in  accounting 
for  many  experimental  data,  particularly  the  magnetic  effects.  The  report  will 
be  included  as  an  addendum  to  this  Quarterly  Progress  Report. 
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Table  2.  Results  for 
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Table  3.  Results  for  Day 
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Figure  7.  Variation  of  Vgj.  with  Magnetic  Field  for  Treatment  de 


Figure  10.  Variation  of  V  with  Magnetic  Field  for  Treatment  ace 
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Figure  17.  Variation  of  Vgjj  with  Magnetic  Field  Before  and  After  Exposure 
for  0.  25  and  1. 0  cm  Gaps  -  Treatment  ce 


o 

ml 

UJ 

d 

u 


UI 

z 

o 

< 

2 


(M)  0  8  A 


1-2995 


31 


igure  19.  Variation  of  with  Magnetic  Field  for  Treatment  cde 


Variation  of  with  Magnetic  Field  Before  and  After  Exposure 

for  0.  25  and  1. 0  cm  Gaps  -  Treatment  cde 
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Figure  25.  Variation  of  V  with  Magnetic  Field  for  Treatment  ade 


Variation  of  Vgj)  with  Magnetic  Field  Befor 
for  0.  25  and  1. 0  cm  Gaps  -  Treatment 
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Figure  27.  Variation  of  Vgp  and  Maximum  Prebreakdown  Current 
with  Gap  Separation  for  Treatment  acde 


Figure  28.  Variation  of  V  with  Magnetic  Field  for  Treatment  acde 


SECTION  4 


FUTURE  EFFORT 


During  the  next  quarter,  the  following  will  be  pursued: 

•  Continue  with  remaining  treatments. 

•  Fabricate  and  test  dielectric  envelope  at  the  end  of  one 
or  two  treatments. 

•  Investigate  crowbar  efficiency. 

•  Regular  maintenance  of  main  chamber,  pumps,  elec¬ 
trode  firing  system,  instrumentation,  high  voltage 
power  supply,  magnets  and  their  supplies. 

•  Analytical  report  on  model  of  breakdown  process. 

•  Analysis  of  first  16  treatments. 

•  Initiate  design  of  next  experiment. 


43 


\ 


SECTION  5 


IDENTIFICATION  OF  PERSONNEL 


The  following  personnel  were  active  in  the  program  during  the  per¬ 
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Dr.  S.  V.  Nablo 

Dr.  M.  J.  Mulcahy 
A.  C.  Stewart 
W.  R.  Bell 
M.  M.  Thayer 
A.  Watson 
F.  Y.  Tse 
R.  M.  Parsons 
D.  Bryant 

R.  Benoit 

C.  Boudreau 
L.  Indingaro 

D.  J.  Maynard 

S.  K.  Wiley 

Prof.  H.  Freeman 


Prof.  A.  Argon 


-  Vice  President 

Director,  Particle  Physics  Division 

-  Project  Manager 

-  Engineering  Manager 

-  Senior  Electrical  Engineer 

-  Senior  Metallurgist 

-  Senior  Scientist 

-  Electrical  Engineer 

-  Engineering  Aide 

-  Technician 

-  Design  Engineer 

-  Engineering  Aide 

-  Metallurgical  Technician 

-  Senior  Mechanical  Engineer 
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